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(57) ABSTRACT

A wide viewing angle liquid crystal display (LCD) panel
comprising an upper substrate, a lower substrate, and a liquid
crystal (LC) layer 1s provided. The upper substrate is
assembled above the lower substrate. The LC layer 1s inter-
posed between the two substrates. The LC layer has LC
molecules mixed with a predetermined percentage of nega-
tive anisotropic monomers. The optical axes of the monomers
and the LC molecules as the LCD panel 1n dark state forms an
angle less than 10 degree.
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WIDE VIEWING ANGLE LIQUID CRYSTAL
DISPLAY PANEL

This application claims the benefit of Taiwan application
Serial No. 094105580, filed Feb. 24, 2005.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This mvention relates to a liquid crystal display (LCD)
panel, and more particularly to a wide viewing angle LCD
panel.

(2) Description of the Related Art

Attending with the improvement of thin film transistor
(TF'T) fabrication technology, LCD with the advantages of
slim size, low power consumption, and low radiation emis-
s10n, has become popular among various electronic devices,
such as personal digital assistants (PDA), notebooks (NB),
digital cameras (DC), digital videos (DV), cell phone, etc.
However, the viewing angle of LCD at present 1s usually
limited due to the optical behavior of liquid crystal (LC) layer
with respect to light beams at various tilt angles.

Implementations for improving viewing angle of LCD are

taught 1n some patents, see, €.g., American patent, U.S. Pat.
No. 5,410,422, “GRAY SCALE LIQUID CRYSTAL DIS-

PLAY HAVING A WIDE VIEWING ANGLE”. FIG. 1
describes the method taught 1n the patent, to interpose a
birefringence compensator 110 between two linear polarizers
112,114. Light beam traveling through the LC layer 116 with
a large tilt angle 1s usually engaged with phase retardation
different from the light beam traveling normal to the LCD
panel. The disclosed birefringence compensator 110 charac-
terized with a negative phase retardation to compensate the
phase retardation difference so as to increase viewing angle.

It 1s understood that the birefringence compensator 110 can

be adapted to various LC molecule types, e.g., vertical
aligned (VA) LC molecules, twisted nematic (TN) LC mol-
ecules, m-plane switch (IPS) LC molecules, etc. by properly
compensating the phase retardation difference. However, the
birefringence compensator 110 increases the thickness and
the weight of the LCD panel, which leads to an important
1ssue of increasing viewing angle without the benefit of bire-
fringence compensator.

SUMMARY OF THE INVENTION

A wide viewing angle LCD panel comprising an upper
substrate, a lower substrate, and an LC layer, 1s provided 1n
the present invention. The lower substrate 1s disposed below
the upper substrate. The LC layer 1s interposed between the
two substrates. LC molecules within the LC layer are mixed
with a predetermined proportion of anisotropic monomers.
The angle between the directions of the optical axes of the
anisotropic monomers and the LC molecules as the LCD
panel 1n a dark state 1s less than 10 degree.

In an embodiment of the present invention, at least part of
the monomers are polymerized to form a polymer network.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be specified with reference
to 1ts preferred embodiment illustrated 1n the drawings, in

which:
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FIG. 1 1s a schematic view depicting a traditional LCD
panel;

FIG. 2 1s a cross section view depicting a first preferred
embodiment of a wide viewing angle LCD panel 1n accor-
dance with the present invention;

FIG. 2A 15 a schematic view depicting a positive anisotro-
pic LC molecule and a negative anisotropic monomer used in
the present invention;

FIG. 3 1s a cross section view depicting a second preferred
embodiment of a wide viewing angle LCD panel 1n accor-
dance with the present invention;

FIG. 4 1s a cross section view depicting a third preferred
embodiment of a wide viewing angle LCD panel 1n accor-
dance with the present invention;

FIG. 5 1s a top view depicting a first preferred embodiment
ol the layout of polymer network 1n a pixel device of the wide
viewing angle LCD panel 1n accordance with the present
invention;

FIG. 6 15 a top view depicting a second preferred embodi-
ment of the layout of polymer network 1n a pixel device of the
wide viewing angle LCD panel in accordance with the present
invention;

FIG. 7 1s atop view depicting a third preferred embodiment
of the layout of polymer network 1n a pixel device of the wide
viewing angle LCD panel 1 accordance with the present
invention; and

FIG. 8 1s a schematic view depicting a fourth preferred
embodiment of a wide viewing angle LCD panel 1n accor-
dance with the present invention.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

As described 1n the related art of FIG. 1, the birefringence
compensator 110 shows an opposite retardation characteristic
with respect to the LC layer 116, so as to compensate the
phase retardation deviation for light beams with large tilt
angles. By compensating the retardation deviation, the light
leakage event can be prevented and the viewing angle can be
increased.

FIG. 2 shows a first preferred embodiment of a wide view-
ing angle LCD panel in accordance with the present inven-
tion. The LCD panel has an upper substrate 210, a lower
substrate 220, and an LC layer 240. The lower substrate 220
1s disposed below the upper substrate 210. A lower polarizer
222 1s formed on a lower surface of the lower substrate 220.
An upper polarizer 212 1s formed on an upper surface of the
upper substrate 210.

The LC layer 240 1s interposed between the upper substrate
210 and the lower substrate 220, and it 1s composed of LC
molecules 242 mixed with a predetermined proportion of
optical anisotropic monomers 262 uniformly distributed 1n
the LC layer 240. The LC molecules 242 are vertical aligned
(VA) negative-type LC molecules. It 1s understood that the
negative type LC molecules 242 has a tendency to change
their optical axes al 1n a direction perpendicular to the applied
clectrical field. In addition, as shown, when the LCD panel 1s
in a dark state, the angle between the directions of the optical
axes al,a2 of the monomers 262 and the LC molecules 242
respectively 1s less than 10 degree, or even pointing toward
the same direction.

Referring to FIG. 2A, i the LCD panel of the present
embodiment, the LC molecules 242 are positive optical
anisotropic (the ordinary refractive rate n_ greater than the
extraordinary refractive rate n_) and the monomers are nega-
tive optical anisotropic (n_ less thann ). In contrast, as the LC
molecules of negative optical anisotropic (n_ less thann ) are
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adapted 1n the present embodiment, only the monomers of
positive optical anisotropic (n_ greater than n_ ) can be used.

As described above, as the LCD panel 1s 1n the dark state,
the optical axes of the negative-type LC molecules 242 biases
toward the direction perpendicular to the applied electric
field, which 1s parallel to the upper substrate 210 or the lower
substrate 220. For a light beam L1 traveling normal to the
LCD panel, the LC molecules 242 and the monomers 262
have the optical axes in directions substantially the same as
the light beam L1. Thus, the light beam L1 shows no retarda-
tion after passing through the LC layer 240. Since the upper
polarizer 212 has an absorption axis perpendicular to that of
the lower polarizer 222, the light beam L1 passing through the
lower polarizer 222, the lower substrate 220, the LC layer 240
(including the LC molecules 242 and the monomers 262), and
the upper substrate 210 1n a serial, but totally shielded by the
upper polarizer 212.

For a light beam L2 traveling with a tilt angle, the optical
axes of the LC molecules 242 and the monomers 262 are 1n
directions different from the light beam L2. Thus, the light
beam L2 must be engaged with some phase retardation from
the LC molecules 242 and the monomers 262 respectively
alter passing through the LC layer 240. As described above,
the LC molecules 242 and the monomers 262 are positive and
negative optical anisotropic, respectively. The light beam 1.2
accesses opposite retardation events from the molecules 242
and the monomers 262. Thus, the unwanted retardation devia-
tion from the LC molecules 242 can be compensated by the
monomers 262 to prevent the light beam L2 passing through
the upper polarizer 212 from light leakage.

FIG. 3 shows a second preferred embodiment of a wide
viewing angle LCD panel in accordance with the present
invention. The LCD panel has an upper substrate 210, a lower
substrate 220, an L.C layer 240, and a polymer network 260.
The lower substrate 220 1s disposed under the upper substrate
210. A lower polarizer 222 1s formed on a lower surface of the
lower substrate 220. A upper polarizer 212 1s formed on an
upper suriace of the upper substrate 210. The LC layer 240 1s
interposed between the two substrates 210 and 220.

In the present embodiment, the LC molecules 242 within
the LC layer 240 are VA negative-type LC molecules. The
polymer network 260 1s composed of polymerized optical
anisotropic monomers 262 and shows a wall-like structure
extended from an upper surface of the lower substrate 220
toward the upper substrate 210. There may be a gap formed
between the polymer network 260 and the upper substrate
210. The polymerization of the polymer network 260 restricts
the orientation of the monomers 262 to guarantee the angle
between the optical axes of the monomers 262 and the LC
molecules 242 1n the dark state less than 10 degree.

Referring to FIG. 3, 1mn the LCD panel of the present
embodiment, the LC molecules 242 are positive optical
anisotropic (n_ 1s greater than n ) and the monomers are
negative optical amisotropic (n_ 1s less than n ). As shown,
when the LCD panel 1s in the dark state, the optical axes of the
L.C molecules 242 within the LC layer 240 are in directions
perpendicular to the upper substrate 210 or the lower sub-
strate 220. Thus, 1t 1s understood that the optical axes of the
monomers 262 are also substantially perpendicular to the
upper substrate 210 or the lower substrate 220. For the light
beam L1 traveling normal to the LCD panel, the optical axes
of the LC molecules 242 and the monomers 262 are substan-
tially 1n directions the same as the light beam L1. Thus, the
light beam L1 shows no retardation aiter passing through the
LC layer 240 and the polymer network 260. Since the upper
polarizer 212 has the absorption axis perpendicular to that of
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the lower polarizer 222, the light beam L1 passing through the
lower polarizer 222 would be totally shielded by the upper
polarizer 212.

For the light beam L2 traveling with a tilt angle, the optical
axes of the LC molecules 242 and the monomers 262 are 1n
directions different from the light beam L.2. Thus, the light
beam L2 must be engaged with some phase retardation from
the LC molecules 242 and the monomers 262 1n the polymer
network 260, respectively, after passing through the LC layer
240. As described above, the LC molecules 242 are positive
optical anisotropic. The monomers 262 of negative optical
anisotropic are polymerized to maintain 1n directions perpen-
dicular to the upper substrate 210 or the lower substrate 220.
The light beam L2 accesses opposite retardation events from
the LC molecules 242 and the monomers 262 respectively.
Thus, the unwanted retardation deviation of the LLC molecules
242 1s compensated by the monomers 262 to prevent the light
beam L2 passing through the upper polarizer 212 from light
leakage.

In order to make sure the light beam 1.2 accessing enough
opposite phase retardation from the monomers 262, the wall-
like structure of the polymer network 260 may be extended
from the upper surface of the lower substrate 220 toward the
upper substrate 210, or the wall-like structure of the polymer
network 260 should be at least extend from the lower sub-
strate 220 upward or from the upper substrate 210 downward
with a gap formed between the upper substrate 210 or the
lower substrate 220 and the polymer network 260 smaller
than half the thickness of the LC layer 240.

FIG. 4 shows a third preferred embodiment of the wide
viewing angle LCD panel 1 accordance with the present
invention. In contrast with the first embodiment of FIG. 2, the
present embodiment uses horizontal aligned LC molecules,
such as in-plane switch (IPS) LC molecules, instead. It should
be noted that the optical axes of the monomers 264 within the
polymer network 260 are parallel to the upper substrate 210 or
the lower substrate 220, and an angle formed between the
axes of the LC molecules 244 and the monomers 264 1s less
than 10 degree. For IPS LC molecules, the optical axes of the
monomers 264 are substantially parallel to the upper sub-
strate 210 or the lower substrate 220 where the monomers 264
are negative optical amisotropic. The optical axes of the mono-
mers 264 are substantially perpendicular to the upper sub-
strate 210 or the lower 220 substrate, or substantially parallel
to the upper substrate 210 or the lower substrate 220 but
perpendicular to the optical axes of LC molecules 244 where
the monomers 264 are positive optical anisotropic.

As the LCD panel 1s 1n the dark state, the optical axes of the
LC molecules 244 inthe LC layer 240 are parallel to the upper
substrate 210 or the lower substrate 220 and perpendicular to
the absorption axis of the lower polarizer 222. Since the light
beam L1 shows linearly polarization in a direction perpen-
dicular to absorption axis of the lower polarizer 222 entering
the LC layer 240, the polarization direction of the light beam
L1 and the optical axes of the LC molecules 244 are substan-
tially pointing to the same direction. In addition, the optical
axes of the monomers 264 and the LC molecules 244 are
substantially pointing to the same direction. Thus, the light
beam L1 accesses no retardation from the LC molecules 244
and the monomers 264. Since the absorption axis of the upper
polarizer 212 1s perpendicular to that of the lower polarizer
222, the light beam L1 passing through the lower polarnzer
222 would be totally shielded by the upper polarizer 212.

For the light beam L2 traveling with a tilt angle, there are
angles formed between the linearly polarization direction of
the light beam L2 and the optical axes of the LC molecules
244 and the monomers 264, respectively. Thus, the light beam
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[.2 must access retardation events from the LC molecules 244
and the monomers 264 within the polymer network 260 after
passing through the LC layer 240. As described above, since
the LC molecules 244 and the monomers 264 are positive and
negative optical anisotropic respectively, the light beam 1.2
must access opposite retardation from the LC molecules 244
and the monomers 264. The unwanted retardation deviation
from the LC molecules 244 can be compensated by the con-
tribution of the monomers 264 so as to prevent the light beam
L2 passing through the upper polarizer 212 from light leak-
age.

Although the above mentioned embodiments only
describes the cases with VA type LC molecules 242 and IPS
type LC molecules 244, typical twisted nematic (TN) type LC
molecules can be applied 1n the present invention, just under
the limitation that the angle between the optical axes of the

anisotropic monomers and TN type LC molecules as the LCD
panel 1n the dark state less than 10 degree.

FIG. 5 shows a top view of a first preferred embodiment of
the polymer network layout within a pixel device in accor-
dance with the present mmvention. As shown, the polymer
network 260 1s a quadnlateral network distributed 1n the LC
layer 240 to make sure the light beams with large tilt angles
traveling along various directions may access opposite phase
retardation from the LC molecules and the monomers in the
polymer network 260.

FIG. 6 shows a top view of a second preferred embodiment
of the polymer network layout within a pixel device 1n accor-
dance with the present imvention. As shown, the polymer
network 260 1s a hexagonal network 260 distributed 1n the LC
layer 240 to make sure that the light beams with large tilt
angles traveling along various directions may access opposite
phase retardation from the LC molecules and the monomers
in the polymer network 260.

FI1G. 7 shows a top view of a third preferred embodiment of
the polymer network layout within a pixel device 1 accor-
dance with the present invention. As shown, the polymer
network 1n the pixel device has two parts extended from a
middle of an edge to both ends of an opposite edge to make
sure that the light beams with large t1lt angles traveling along
various directions access opposite retardation from the LC
molecules and the monomers 1n the polymer network 260.

As mentioned above, the polymer network 260 adapted 1n
the present mvention restricts the orientation of the mono-
mers 262, 264 so as to achieve the object of compensating the
retardation deviations of light beam L2 passing through the
LC molecules 242, 244 to increase the viewing angle of the
LCD panel. Therefore, the compensator 110 described 1n
related art can be omitted to reduce the fabrication cost, the
weight, and the thickness of the LCD panel. In addition, for a
concern of better compensation ability, in the fourth preferred
embodiment of the LCD panel 1n accordance with the present
invention as shown in FIG. 8, the compensator 110, such as an
a-plate or a biaxial film, may be interposed between the lower
substrate 220 and the lower polarizer 222 or the upper sub-
strate 210 and the upper polarizer 212 (not shown) to further
prevent the light leakage event of the LCD panel 1n the dark
state.

While the embodiments of the present invention have been
set Torth for the purpose of disclosure, modifications of the
disclosed embodiments of the present invention as well as
other embodiments thereof may occur to those skilled 1n the
art. Accordingly, the appended claims are intended to cover
all embodiments which do not depart from the spirit and
scope of the present invention.
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We claim:
1. A wide viewing angle liquid crystal display (LCD) panel
comprising;
an upper substrate;
a lower substrate disposed below the upper substrate; and
a liqud crystal (LC) layer, interposed between the upper
substrate and the lower substrate, having LC molecules
mixed with a predetermined proportion of anisotropic
MONOMmers;

wherein an angle between optical axes of the an anisotropic
monomers and the LC molecules 1s less than 10 degree
as the wide viewing angle LCD panel 1s 1n a dark state
and wherein the LC molecules are positive optical aniso-
tropic while the monomers are negative optical aniso-
tropic, and the LC molecules are negative optical aniso-
tropic while the monomers are positive optical
anisotropic.

2. The wide viewing angle LCD panel of claim 1, wherein
the monomers are uniformly distributed in the LC layer.

3. The wide viewing angle LCD panel of claim 1, wherein
the optical axes of the monomers and the LC molecules
within the LC layer are substantially pointing toward the
same direction as the LCD panel 1n the dark state.

4. The wide viewing angle LCD panel of claim 1, wherein
the LC molecules are vertical aligned (VA) LC molecules.

5. The wide viewing angle LCD panel of claim 4, wherein
the monomers are negative optical an 1sotropic, and the opti-
cal axes of the monomers are substantially perpendicular to
the upper substrate or the lower substrate.

6. The wide viewing angle LCD panel of claim 4, wherein
the monomers are positive optical an 1sotropic characteristic,
and the optical axes of the monomers are substantially paral-
lel to the upper substrate or the lower substrate.

7. The wide viewing angle LCD panel of claim 1, wherein
the LC molecules are twisted nematic (TIN) LC molecules.

8. The wide viewing angle LCD panel of claim 7, wherein
the monomers are negative optical an 1sotropic characteristic,
and the optical axes of the monomers are substantially per-
pendicular to the upper substrate or the lower substrate.

9. The wide viewing angle LCD panel of claim 7, wherein
the monomers are positive optical an 1sotropic, and the optical
axes of the monomers are substantially parallel to the upper
substrate or the lower substrate.

10. The wide viewing angle LCD panel of claim 1, wherein
the LC molecules are in-plane switch (IPS) LC molecules.

11. The wide viewing angle LCD panel of claam 10,
wherein the monomers are negative optical an 1sotropic, and
the optical axes of the monomers are substantially parallel to
the upper substrate or the lower substrate.

12. The wide viewing angle LCD panel of claim 10,
wherein the monomers are positive optical an 1sotropic, and
the optical axes of the monomers are substantially perpen-
dicular to the upper substrate or the lower substrate.

13. The wide viewing angle LCD panel of claim 1, wherein
at least part of the monomers are polymerized to form a
polymer network.

14. The wide viewing angle LCD panel of claim 13,
wherein the polymer network 1s a wall-like structure extend-
ing from the lower substrate toward the upper substrate with
a gap formed between the polymer network and the upper
substrate.

15. The wide viewing angle LCD panel of claim 13,
wherein the polymer network 1s a wall-like structure extended
from the lower substrate toward the upper substrate.

16. The wide viewing angle LCD panel of claim 14,
wherein the gap 1s greater than half the thickness of the LC
layer.
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17. The wide viewing angle LCD panel of claim 1, further 18. The wide viewing angle LCD panel of claim 17, further
comprising a compensator iterposed between the upper

_ _ polarizer and the upper substrate.
strate, and a lower polarizer disposed below the lower sub- 19. The wide viewing angle LCD panel of claim 17, further

strate, wherein the absorption axes of the upper polarizer and 5 comprising a compensator interposed between the lower
polarizer and the lower substrate.

comprising an upper polarizer disposed over the upper sub-

the lower polarizer are substantially perpendicular with each

other. % % % % %
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